Searcniir^ PAJ 



^ ^'A1 resjltdetail/niair wAAA.-:0-67?DA^C9'r^*i9 'C^ 



PATENT ABSTRAC TS OF JAPAN 



(1 1 jPublicali.'n :r:n-.ivi 



(43 iDatc v^lYi;M:c.i::nn of up:^]ical'(o:i ; 20.05. l^^J*^ 

HOIL 21/31 
C23C 16/50 
HOIL 21/768 



| ;)1k-::;i-:; number ; ()7-2924(>3 
i:::! ■-c^-':iiin^: 10.11.1995 



f 1 iAp:^l:cai: 



HITACHI LTD 

HITAC HI KLKC TRON ENG C O LTD 

SAITO MASAYOSHI 
KUDO yi TAKA 
HONMA ^ OSHIO 



I 54 PI 
DE\ U 

prom: 

low lM- 

r^ii'r ■■ : 
S( )1 ' : 
IS a c T 
msillal^ 
of pi. 

^ai; ir ;c 
JlS^iial 

Furihc: 



AS 
E 



v\'i;i 
lO! 

a- (a 

■la C. 

slai 
!■■ 

: ov 



MA CHEMICAL VAPOR DEPOSITION DEV ICE, AND MANUFACTl RE OF SEMICONDUCTOR 



K ) BL SOLVED; To limn a tilni with liulc plasma damage ai 
:iiv\-idmg a mechanism t)f tbnning an insiiialniii film h\ 
^'lasiiui between parallel plate t\pe (^f ciectriHlcs. m low pressure 
;n a CVL) reaction chamber 

:■ l-nr a reaction chamber, thesuiewall 101 dflhe C VI ) chamber 
ir i aluminum, or the like), and the luw all is msulated with an 
■imma or the like) 103. Furthermore. ihi> is a parallel btiard ivpe 
VI ) device where the peripheries of a gas supplv heail cum uj^per 
y ). which equalizes and suj^iilies reaction gas, and a heating 

L-im lower elecinide are sealed wilh insulators, \vherebv the 
.^tween the electrode and the sidewall can be prex ented. 

n bectimes possible to discharge more stabb' at low i^-essure of 
■inder bv widening the inten al bet\A eeri electrodes to 50mm 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



i.KV-x::\ has been translaicJ c.^n-iuer So Uie translaii-n max not rvtlect :hc oriLinal p:vc;>c: 
>h;'\\ - llie word which can not be :rans.a;Ci: 



3 hi irx di'iv\ :ngs. an\- words are not iransiaicd 



iciaim i i h 1 reaction chamber, it is O.SToit. I'lasina-chemisln- x'apor-urowth cqiiiynien' ciiai iclen/ed h.vin^ i:ie nieciuuiisni 
which parahe: monotonous Upe inter-electrode :s made to generate plasma, and fornis an mMilator hivcr in the tollouing Inu 



ICialm ^M^n insulator is included around an electrode and it is O 5Torr. Flasma-chemistn- apnr-annvtii equipmeni charaeten/ed 
h^ haMiig ihe mechanism which parallel nionnton.nis type mier-electrode is made to genera:e plasma, and tonus an insulator laxei 
m the iollo'.vuig low voltage fields. 

Klaim -1 .\ e.mductor shield is formed around an electrode and it is O.STorr. Plasma-cncmisir vnpor-growth equipment 
characterized bv having the mechanism which parallel moncnonou. tvpe iiUer-elecirodc is made to generate p:asma. and !oIm^ an 
in^ul itur h- er in the following low voltage fields 

|(. laim U] ria-ma-chemistr\' vapor-growth equi]Mnent which has tiie mechanism m uhich Kl' pouer is impressed to an up 
c^^" .1 ' nui 'he lower electrode which scrx ed bi^h as the sample electri^Je holder m claims 1 . 2. or 3. l espectivelv 
|i :-| s. is to a claim 4 and is 13 5(Al!]/i(Mhe aioremen^ioned up electrode. I'la-ma-. hemisln v apnr-growth eqmpment 
w 'uc : li IS me mechanism m which the abo\ e \iV \w\ cv is impiessed. 

I Chum:. I 1 lamia-chemistiA- vapor-growth equipment which has the mechanism in which K/ pnwcv -okl 1/ or more is impressed 
to the alorem.entioned lower electrode, m a claim 5. 

ICiaim - I : laMua-chemistiT vapor-growth equi]^ment which has the mechanism in which th-; tirst Rh power M)ki !/ or more and 

-loie s.x.Mid positu'e pulse power are impressed to the aforementioned hnver electnvle. m a claim (v 
;i ia:::> N| The >emiconduetor Jeviee whicii mis the mechamsm m which impression of the h V power ofthe arrauentioned up 
electr.^.lc i^ st.i]^ped after it impresses a RV to the lower electrode ht)]dmg a substrate m claims 1. 2. ^, 4. 6. or alter 
nnprcs. ng a RV to the aiorementioned up electrode, and stopping impression ofthe RV poNxer ot the atoremenuoned lower 

elect rodie . , , , , i . ■ ^ 

iCdaim >\ oknma-chemistA^ vapor-growth equipment ofa .silicon oxide ic which pi]Mng wlv.ch mti-oduces the gas contammg M. 
the gas containing oxTgen or oxTgen, inert gas. and a halogen or halogenation gas m claims 1 , 2. 3. 4. x 7, or 8 is connected 
K1aim : ()■ The aforementioned plasma-ehemistiv ^•apor-gr(n\1h equipment ni claims 1 . 2. . . 4. s. (>. /. S. or ^) is tised. and it in 

0 sT(M-r The manufacture method ofthe semiccmductor dex'ice which fonns a silicon oxule the plasma-chemistiv N'apor growth 
using tl^e gas which contains Si in the following l(w^ xoltage fields, and the gas contammg o svgen or nxvgen. 

lC4aan : I ' The manufacture method ofthe semiconductor device which f inns a sihcnii oxioe bv tiie ]Tasma-chemistn x'apor 
grow tli ;n a ciaim 10 usmg inert gas with the large atomic mimber from the gas contammg Su liie gas containing oxx gen or 

o\\ LVTa aruol, lias, or an argon. i i i i 

ICIaim : 2! The manufacture method ofa semiconductor device that the gas which contams Si m eiaims lOor 11 is eithei me 

a.ki A'. >;lai:e which has an alkoxv grotip and Si-H combination, or a mono silane. 

p.'laiiii i 3 i T.ie manufacture method ofa semiconductor dex'ice that the gas which ccmtams Si m a claim 1 2 is either 
UimeiliDWsilmeortrietlioxTsilane. , , , ,i 

1 riinn ! 4 ! Tne manufacture method ofthe semiconductor de\-ice which is the silicon oxide m which the gas containing Si is the 
I'l :k( )I-.()'alkoxx silane or the FUR()R( ) aUaAide contammg a ihunmie. and the film to form amtams a Ihiorme in claims 10 or 

iV i r->. ^51 T'^c manufacture method ol'a scmiaMuiiictor dexice that the gas which ccmlams Si in claims 10 or 1 1 is l-Si (t )C'H.^03. 
hSi((M '2115 iTbSi(OC3H7)3,bSilU()Cl 13)2. rSiiUOC2I15)2J^SiH(()C31^ 

IClaim i(V| The manufacture method ofa semiamdiictor de^'lce that the gas which c^^ntams Si m claims 10 or 1 1 is a tetraetlnl 

orthochromatic silicate. i -i i i i 

|i daim ' The manutacture method ofthe semicimductor device which f )rms a silicon oxrle on this lilm bv the chemistn 
gaseou.-phase depositmg method for haxing used the applvmg methul or ozone after ITnmiig a. plasma siliccMi oxide bv the 
manutacture method ofthe aforementioned semiconductor device of claims iO, 11. 12. 13. 14, Ls. nr lo 



rran-d.itusi done.^ 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 Thi- J.)cuiiiciu has been translated bv ctniipiiicr S() ihe translalu^n niav not relied :hc onpincd pivci>ci\ 

2 .X ^1^^^,^ ^ ^^.^-^j-j vvhich can not be iraiisiaicd, 
vin UK- dra\\ :ngs. any words are not translated 



Db i AlL.l::^ DHSCRIPTION 



[Del liicvi 1 V>ci iption of the hivenlion j 

[The lechniciii field to which invention belongs] tliis inventuMi relates to the maniifaclure meih(^d of ilie 
che]i-i:cal-\-ar'M--deposition eqmpment used for the insulator layer Ibrmaliou dnnng Uk^ ineta; wnmg m a nuiltdaver 
iritcrj iineclior.. and a semiconductor de\ ice. 

[1 )c-^.:r;th-j <>!'tiie Prior AjI] The Si oxidc-tilin forimng metluxi using three ty]i]cal ]>lasnia as method offornnng the insulator 
laveii^: nvil;ila\er interconnections IS learr.ed. 

(OOO.^ I The first, it is tlie method cun-entlv called parallel monotonous t}pe plasma CVI) r/iCiht^d. and using piasma CVD 
equipment with the CVD room side attachment wall and parallel monotonous tvpe electrode of aluminum, it is the pressure field 
of 2 - l( ;'fon\ and film formation is pedimned under the so-called *****=^=>^^*'i^ conditions 10mm or les>. fhc thmg of a single 
cvcle methvKl which impresses the W power 1 ^.56 MI^z from an up electrode, and the tlving of a 2 c\cle cNcitalnMi method 
wIulIi impresses RF (SOkHz - 13,56M11/} ]Hn\er also to a substrate side are loiown. As for Si source, it is coimnon to use a 
tetrae;h\ l (^-tliocluomatic silicate (TbX)S ) 

[(.){)( 4 1 TW- second is tlie bias spatter method of Si v-xide lilm. A pressure airanges a su'^strate :or the target of a quart/ to anothei" 
electrode a; one electrode side in the chamber kejn at about 5-30 niToiTs. generates ]ilasma. caiTies out sputtering oi the quart/ i)l 
a target, and makes it deposit on a substrate bv this method. While impressing RF power to die up electrode a! this time. Rf 
power \\as impressed in order to impnne embedded naUire also to a lower electrode, 

|( io( 1 Ilic liurd is a bias impression high-densitv plasma CVD metht^d re]iresented by r^)ias eliicient coiiNumer response. Il Bias 
ethcieui consuauer response is explained to an example, a mono silane and oxygen are introduced into a CVD room, and it 
maintains at the constant pressure of about 10 mToiTs, and is 2,45(il-]z.. Microwave is imip-cssed. The reacUon chanftier is 
equipped with the magnet, the electron cyclotron resonance was used, mul the method whicl^ fomis high-density pia>ma is taken 
In order to ]:)repare the covering conllguration of the level difference section, in a substrate lateral electrode, it is 1 3 .•^6MI h Rh 
p> ^w er IS iiujpressed. 

|iuoblcm(>) to be Solved bv tlie InventionI Sucli above-mentioned conventional tecbncilogv is holding the next technical problem 
a> a melho 1 ojdonning a semiconductor integrated c:rcuit which is fuuire and which tunis minulelv 

|(){)( " I first, although a tetraethyl orthochromatic silicate and oxvgen are used by the jxircillel monotonous t\-pe plasma CVD 
method, in connection with the densification of a multilayer mlcrctinnection. an aspect ratK^ f inten'al of the he;ght/w :nng ol 
w iring) becomes high, and it is 0.3 micrometers. To tlie insulator layer demanded by subseciuem detaded devices, lev el difference 
co\ cring nature, a flattening propertx; hygroscopicit}', and water resistance are mentioned as a tecluiical problem. 
|{)0( iSj i Jext. bv the bias spatter method. ha\ang been as small as about ]ier hour two sheets and the throughput's ha\ ing been 
small and [ac silicon oxide by which the spatter w as earned out Iftrther adhered m the chamber, and it did not become the 
mamstreani method of production that there was much particle m it not being suitable for utMnposituMi control of a tilm like CVD. 
that the >etiing window of the bias conditions whicli acquire the shape of pro])er flush tvpe is small, bv ha\ ing not picpared the 
cleainnu mechanism, etc. [ of membrane fomiation speed ] 

|( !()( y)\ Next, tlie bias impression high-densitv ]Masma CVD method represented by bias elTeient consumer response-CVD is 
holding dattenmg of the covering configuratuni of the triangle on the imi^rovement in a throughput, the imiirox'ement m an 
opeialiiu latio of the deposition process of equipment, prodtictum cost reduction, and a jiatlcni. and the technical problem ol 
suppression of a plasma damage on the membraneous uniform disjiosition shown below . 

lOOb'l lir t. the present level about the unifonn disposition top of tJie membraneous qtialitv of the Icmned film has large 
dis]Ka sion m the etch rate to HF solution, when membranes arc f )rmcd on the diameter of 6 inches, i^r a S inches substrate, and ii 
i-s o\ ! s^'n, v,iu ha\'e to make this into 5'' o or less, This originates m f irmation of a uniform magnetic field being oilTicult At 
•ill. Pig di^pcrsiou also at membrane formation speed is seen. Fquipment will becom.e exocnsn e if man\ things are 
equipoe 1 in (M\ier to raise the homogeneitv ofa magnetic fiekl. The present bias efficient C(^nsu:ncr response-CVD ^Astem is a 
price ir.ore tliaii the double precision of equipment coiu'entionalh . 

|0(i 1 I ! M(M-C(>\er. it is necessar\' to decrease also about particle. This is because film formation is performed, while a mono silane 
perl(M -ns sputtering under that it is a reactant high material and deep bias. Although prolonged eicaning was i-;eifonued and this 
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, ■ I i .. -1 . e;-ied w'l ^-ncj bias v\ .1^ -.miM-essLM and tlvj 
,„ii IS tried, it is the bie rr^.^iem j;,^ Q.^:-,, a chenucai nKc;ianica!-rol,slung 
. .:vci ,s used posUivelv. a tnan.uiar o.vnn, Wholes ofcost ,vduct:on 
I xir , :ncu.d nitist be applied tor tlatteniti,.... - .s ^ jj^^ , It . ...de to the 

- ;>arc,'\l monotonous type plasma C \ D .q.u;, .u. is tisea ' .pnr,af;o:i uh.eh i^evlorms l.lm toniiaium ol a 
; A h,.h asnect ratio for the piiil^-e .! ir.e thmu uhidi pu...ni>s Ihm • ^ trans^a■■enc^ A 



..ration without an oxerlian. a ; ; ; . ^ , 
. , : \vhich te« !ilm tnnr,a!-> - ■ ■■■ ^ i"^-^ ^" 



the lo\\e: e c 
oleet; du^ 



Moiv 



■ . ,(^, , 'p.. s-.c'nni - il pr> 'Mem that film lomiaiion ol 

IMeaiis lor Solving the Problem] in addition to elccinc ^■^^'^'-yrSZ^'AhA^^ Unc plasma fV!) equipment he 
Ihe eovcnr. eonaguration which do no, l..e ^^^^^^ ^ ; ':^:;,a ns tl. s-.rate electrode holdei. . raise the 

pcrloirr: ap/. 1^' power 50kHz or more al>o to du low . . .U ^ .^^^^^^^ , 

;„.„1 ...onVs-an electrode and a side attachment na;.. and can >oh. it .-H-" 

, below M 5To.T) in parallel monotonous t>pc .mer-ejectKHic n-ater resistance which prcvcnis transpareiKA -i 

I.H.iil The •cciimeal problem that him tonr,a„o;i w.ic.i . as . .hieh has combination 

„>o,M..ac . oerfomied is S,-H to the silicon source, it / \ ; , j-,^^^ ,s .-Ivable b^ impressing Rf pouer to 

L> ^ h ■ 'ccluucal problem that tew film lon.uition ol a plasma damau. is l-^^^^^^ 

■ ■ ^ .cirode holdmg a substrate, only while impressmg i^l- iunver ; | '^^^^^^^ j „,,t„,je. the unusual 

,.nging an insulator to the wall of a C VD '-f '-^^^ -'^^ ^ ' 0 ■ ; a. olasma stabUucd m 

; „ which causes the mstabilUN ir. a ,ow voltage ,i.ld p,.^. led at c , ^^^^^ ^^^^^^^^^^ 

^^^^^ 



,„ , ,„ , as soon as it reduces ilic iiv-iroxvi group m lue tihn loi, ,.d o\ t k p.a. 
;hc'p;vc;s. nau whid. pre^ems that moi.urc rcrc.rates the --l;,^;;,^; 'l^;;^ ^i;';:;: ,„.,.u,ced in ihe lo. er electrode 

':rt^';^ '^^^ ^"^^"-"^ ^ '"'^ ^^'^ " 

up clecUxHk acts so that the damage of plasma may be suppressed 

jiKirM .rii.. ['VM -v -ii-m o' ibi' '-^'^howii in draumg 1 

,;„Kldinients of the Invention) The C VT^ room ,n etc) and the CVI) room side 

Composition, ol areaction chamber was taken as ,he ■^t™'-^^" ^ Furthennore tb.e arciimfeience of ,!ie up : a gas suppK 

auaciiment wall 101 insulates the wall with insulators (f;^^^;;^^'^^^'^: ;^,, ~ a heating sample base-cum-l 
head-cum-- electrode 102 which makes reactant ^'^^^"^^^^^ ,„p,,sses a Rf ( I .V56.V1H..) lo the up 
elec,ro.ic 1.5 was also shielded with the insulator, he ^^^^^^^^"^^ for the plasma gei™,g method 

J.. 1 P and impresses a RF generator (4(.0kHz) r.n.at.on pressure of this eciuipmen 

, An example of the electric discharge s.ate bv the eleCod. ^r'^''"^ ; J "^"^ ! was used for the 

:,,:i: ;:,v .analel monotonous t^pe plasma C V,) e,uipni.n is shown^^ ^^^^^ ^ , ^ .^^^^ ^ , 

comcn-.ior.al p.irallel monotonous type plasma oxidation lUn L . - .puttering effect is insufficient and an 

enia, meinhi ane location speed (field ol one ni drawi^ - h • ■ ,^ 

„vei ha,u 1 . looked at bv the deposited oxide tilm Smce the aw ge ' - ^ '^^ "J ^^^^ ,,,, process of the 

h, 'reason IS fo, colliding with other molecules, belore ion is '^'">-^; : '^ ;'^X; ,s proportional to the inv erse 

. , . ,.l:,s,na m 4Torr is about .Umin. It is the following. Sm.c an a^^rage hc. , i ^^^ :^^J^^^^ i,,.,, ,,,, 



..;;.ic I n and impasses a RF generator of this emnpmen, 

|(.(,-r 1 An example of the electric dischai ge siatc Iw tlic cltctiou. .a ^ mcth.Kl was used tor th. 

Lrci.n c . ..analel monotonous tvpe plasma (.AT) e.uipnien .s sl^^^^^^ , ^^^^^^^ , , 

■ ,,,„-.,lel monotonous type plasma oxidation tiln \ l^^'^}^^^ ^p,, ,n,„ ,s insufficient ai ' 

^ranefomation speed (field ol one m drawmp 2J. Houcvci. il ' J , „ ,^i,e,ielv sm 

,oked at bv the deposited oxide film Sn.ce the average free process of ,h. 

ro, colliding with other molecules, belore ion is '^'">-^; : '^ ;'^X; ,s proportional to the nn 

plasma m 4Torr is abou, .Umin. U is the followm . i,, „ stabilized m the la, 
,„ a . c' sure m order to use the sputtering ^^IJ--^;;-- ^ ^ ^ ^ ' -'-""^^ "^^''^^'"^'"^ 

;;;;$r;-;^l';;:;Ssure was simplv lowered wu 

Listal 'le. came to discharge between the electrode an e s, ^ ■ i,,,,,^ u „h the equipment of this 

„„er-elcctrode. Then, tlie electrode circtimlc encc and the sid. "'^^ " „ ,^ ^,1,,, ,„ p,ev ented. l uriheniiore. 

1. Thercbv. electric discharge between an elect,-ode and ^ l^^^ \ „ ,,,i,litv more bv the following 

Ihev aie > ).5 i oms) by extending an electrode spacing to M)mm. It IxoaiiK pos..i, .c g 

lo\v v.-l' mc , , , . , . 3 5.,VH7 < )tlierui>e. :7M1 '/. and 4(.MI 1/ «ere 

|, ,„:; ,b,-.,: the frequencv of Ae RF power impressed to an u, f^^ ^^'l^,;^^ , „,,,ching box and icsettuig 

[.xam n.d. ITe electric discharge stabilized eve, li !}-:^^^^^^;:^'^^ , ■ at:cncvls higher 1 that a margin ,s large. 
„P c.t ofl' riequencv of a filter was mamt.nncd. fheie va. a opc m oi c / ^ ^ ^^^^^ 

, ' ^,,c \-l) condiuons. This is because lomzalion degiee Ixu-iics K ge i t - - ^^^^^^^^ ^^^^^^^^^ 

„ ,: V: Moreover, it ,s 0,5.4mm near the clectiode as ---^ ' examined, fhis method was also 

In Knv x nltage. I he method which airanges the shield ol gioaiid potential al,ou, ga] 
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\- ii •' -'able electric discharge ::i ^^^::ai:e 
- . \ev iv membrane i;>nnan.-:i ::;c:h.^i cxriaiiied, h can m:x xvuh the uas wh:ci; an.m^^v^: or oxn^c. usm^ the 
— ■ ■ d • " J 'R( ) alkoxide) e.miamii:^ . -he "A alkoxuie (M' lliu-mes. Mtch as a te-'acUr i ^ul:io sihcalc hened^nh, 1 hos i. 
.na : Tmch; x^ silicate ( heneelorth. v.h;ch ..nlams Si-H m liquxi matenah a T( )K:i:T^ )KIS; II .ihcatc (heiKetonli. ihS. 

rc.,1 an and a silicon oxide can be der^-::cd bv the idasma CM) melhod. More-..-, b^ cleanai. ol a (;\ D N>om. U is 
Ci-4 Areac:; ni with the gas containing lluorme svstcm gas. such as C2;-x removes the so.i nienl ot an electrode ana a reaction 

chain: e: w , , , . 

unr^ Next an example is explained based on Hie example vvhicli formed the silicon oxi.c using 1 MS I he o^:^■gen tlou rate 
dcpci: iaicv ^:ihe membrane tbnnation spec: n: trc case o: TMS ^vas sh-un m drauan- ■ It :s ZOi nm nun when an oxN.en 
lluw ! I'c 1- as 100 or more seems it UUT1^ oia 
membr aie^- 



c an.)\ e membrane lorraitu^n sr-caJ is oblaii:cd hi consideration ol'thc 

. . examination result described later, f.-ical mend^rane fonnatuMi conditions 'Aa'e defined, as shown :n Table 1 

juo-r : -he ■ .atom of these conditions - membrane fmnation speed - about 200 nmarnn the case where MKinm is dej^oMicd - 
ualei c^nxcoaice 1 mmute. How rate and pressure re^uiation 0.5 minutes, and membrane -m.ation tune :o minutes - pci' 1 4 

ar.-' si a pan -- it is . Moreover, eleanma 'akc> 2 mmuics and tlic nn^cessmg tnne ncr siieeto! membrane 
u^nu... i process is 6 0 ProcessniLi of abiUil ten per hour is possible at a pari anr'hennore. m two rr moiv sheet 

proc. :-a-. - . vessing of about about 25 per hour is p-ssible ( when tiic number of reaction chambei's is ilii eo 
[oiP' ; 
ITabi.- : I 





DFP-TMS 


Tenperatci^e {'C) 


360 *C 


Pressure (Torr) 


0,1 Torr 


Bubbler -N2 


80 seem 

{51C) 


02 


100 3ccm 




120 seem 


Ar 


50 seem 


Po.ve- 


300 W 
(^3.56 MHz) 


Rias Prv^er 


300 W 
(400 kHz) 


Elect rod'! Gap 


20 mm 
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L Aw bias power dcpendenc\ ov,t level dilTerence covermg natui-c (covera-c is shov\n in drawinu 4 This situatuai 
Jrawmg4 . The order taper \\as not checked in 4Ton-(s) of tlie pressure at tiic tune ofihe cmvcnUonal membraine 
I'the pressure is made into low \ iHlajic. thev are about 0.5 Torr(s). The mclmiitrMi lor o\'ei-hangs to decrease m 
^ accepted from the neighborhood n, t Ttar The then remarkable bias power depcndencv was accepted. C overage is 
n.h the tilt angle of the fonned oxide him [ drawing 4 (a)). Frtan the 200W nc;ghborhcHui. w ilh the inei-ease m bias 
I t <mgle of an oxide tihn turned into a w ide angle or90 degrees or more, andi slv^wed the order taj^er conliguration 
,e the inclination to ****** to constant value, move tlian by 400W ( drawmp 4 (b)). In the coiuentional 4 foiri s 
ka- taper is not checked, having reduced the pressure and ha\ang enlarged the a\'erage free pi^ocess and the etlect bv 
.:n the electi'ic Tield which impress bias and accelerate ion near a .substrate were ionncLl ha\ e shown ujv 1 he pressuivs 
tiie same tilt angle when Ar is added are 0.2Torr(s). ll shifted to the forge-fav liigh-tension side. This is considered to 
■ the shock el^ect of the increase m plasma density, and Ar ion. 

bias stop-time dependenev of the isolation \-oltage of a plasma silicon oxide is shown m drawing 5 . Tlie plasma 
in, i.f lOOnm of thickness was deposited on the low resistance silicon substra'e, .aid the MOS diode m which square nt 
; ;inm aluimnum electrodes were fonned was used for the sample. The vertical iixis of drawing 5 is iS(4ation \ (4tage. 
ac ciiirent is lmicroA/cm2. 'fhe\ arc the electric field when reaching. A hor-/ontal axis is the bias hall tuning time at 
f.^rmation of a plasma silicon oxide, and shows tb.e \-ahie which subtracted the stopping lime of RT i^ow er of an up 
oin the .stopping tune cif Rb pow er of a h 'w cr clectiaHie. Negatwc time means ha\ ma sUipped Rb" i^iwer of an up 
ftci stojiping RF pow er of a lower electrode. 

;n Rb' power of an up electi-odc is stopped after stc^ppmg RF power of a low:r electrode as shown :n drawing, it turns 
c^sure-proohng is maintained This is [ov suppivssing the charge of a blocking capacitor being spread and being 
i^sirate. and pre\-entmg dieiecli ic breakdcnvn. whei^ a Rb is sK^pped prevuuisiv, hi this iiu entuai. reactanl gas is 
.aiclion chamber, and low fieqiienc;/ is impressed a I^I' and impressed coiVu ^ " ' ■ ■ 



aiu4\' m the place where the pressure 
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.i Moreover, atter stopping Knv Irequciicy -Iv.as) previous.v jusl bclore a i 
- uas slopped at ihe time ofa nicnibi:i:io :(^:rn:rion end. 
. cr positive pulse poxNer uas impresse:: uilh llic 40(1kl-b ill' pouer 

: :iiade 4()v and the number ol tunes ot . 

. :cclron uith large mobiluv u as drau i 

r: a substrate front face could be lua 

:\ .Mie or less u'as checked in daiiuiLic • 
U\m propeil\ of the phisir.a ''\::ia 

:s .\plained It is u ^''-\\\' ^::s^:\v: 



cal per second 2 n times Ibr \ ' 
■\cl\r lo a substrate front face out .^f 
suiall. and tlie thui^ uhxh is 1^ 
the charge iij^ 

^n hhn \\lncii tised ■!> the rau" mate 
The oween tlou' rate depenclencv ; 
i>f usiuki this etch:nLi C'lndttior -- 



an o\ 
ihoc 

|(i(iV 

index 
rale. . 
uxid.itr 
l()()3-i 
pres^a 
sample 



aeon ihennai uxidaiuai Ihn; ^t 'ir: tar ^ ■ , ■ 

- v)5 mn/min it uas . Hv the inetlioxysilanc-plasma oxidation ham an et 



/a aiie fnnnati^H^. eiul ( 3 - seconds 

-.tra'e hitera! elect^de la puNe uuilh. 
^. accordma t^^ tins 'uas imiiresM^Mi 
isina as an ellee' ofa pu;se. 
\ ealruial minutes and uhieh is >maH 

: 'ae ■nelhox\ >ihine lonn^d uith thi> 
at^ etah fate at the time of asm^^ solution 
T :un nnn .aui a TH' )S-pKisina 
i-^ac also mei ea>es uith the increa>e m 



;n ; ,^ 



ale. Furthennore. the ranue 



it 



rate 



nmamn. It is lower than the phisma silieon oxide uMug 



'■\ ar 



aatu 



com 

loS iio^a-^ 
il IS :iher me; 
and tvo mv^r 

r--:0; 



he eon 



uer resistance ofthe ox.dc lllm JcpoMtcd .^ulra.^ne s wUn th,s cqu.rnun: ,> slv .un ;^;y;l:i;;;:-;;h;';-'h;^ 

. ,„acr these condn.on. ch.n.c l'=( ) combmatu-n ,s n.t seen but ,s ex.dl-.: t ,k I U nu 

lins eqtnpmenl a. ino.sune ,; aP,sparency p^e^■entHm natu,. eo.nparal wui, a . . O ^ ilu^ ^ _ 

r t . t-th ^ t^r,.n- i-uiaii(>n tihn i>f thi^ iir cntu>n is e^]^;am^\l tiMipiz -'^^ ^^'.^ ' ■ i^n_a_uiu^ a/ 

loniK-a. there u .11 be little particle, and . c>o .u,o> < *h'^ "^ '^T^ . 'V, 'h;, , , u.,, h,yh rank difference e.n enn. 

,i,oai;cl:.ni cnsi will decrease. Even il it doe^ nol impress exaeiiK bias. ,l..it .s an ac.xai.ia.L 

'i.h'p'v h :::h';.f U-TFOS ,s used f..- s,unce uas. ,he precise s.l.con ox.le of an order taper caa be i;>nned. 
I T : ; t l eI4 anat.on so far has ,.fl,nved the silicon ox.de o. a non dope, dO ad.is i.ing ,he source ga. eonta.n.ng I . 
l;:.. :;|: thi; t:^;nt .llm eo„ta,n.ng l- can be lonned inU. a trim. Moreover, a sHk:,^ ,atr:de can be U-nned a 
plasn;,,-.h.,:r ::>:.A vapor growth ,s perlonpO us.ng Ihe gas and amnioni,. gas conta.nnig Sr 

l',",r ■ ■ , P . a. entionl According to tins ,nv ent.on. the high co^ cring nature laver msuhUiou hhn of ihe senneonduetor dev ice 
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Japan Patent Office is not responsible for any 
damages caused by the use of thxs translation. 



1 Thi- .:.ic :::;jiu has been iranslaled bv compiuci ^ 

2 x=<^x ^1^^ „ ^ ^1^^. word which can not be lran>latL\i 
In Av ;aus. anv words are not translated 



irm;shurai nia\ relkc* 'h.- .-:-ini.l pivci-civ 



k:p: '> >n of drawings 



Hr!c' ne> ,::;;niun of the Drawings) ,,„..,,t, ,n 

r„:nM::. : ' ' Ik cross secUon showing ihc :vacn,>n cluu.bcr olihc plasiKu CVI) eq.ir.icV ol 



lie electric discharge property v :ew showing the relation betxveen a reac'.on cuinber pressure and an paiallel pi. 



lie 



il ), . p. ^ -0 measurement mcu >ivw:n. :nc iclatu^n bemeen an oNx.en l^c^^■ rale and membrane h.nnaUon speed 
irir:;::?^ ■ xphmaton- drawing shoumg e-arehifa-n .^fbias ivwer and level diHerei-ee c>-venng naiiiie 
DravMnli^M xplanaton- drawmg shouing ihe reialuT, behveen bias halt irmmg Ume aiK; r;es<ure-p,>...i,ng 
|nn,u.::g.-; 1 he propem' v.eu shoun,g ihe .>nv gen flow rate at the t,me oltlte plasnta sn,cnn-.>s>Je lonnat.o:, vvlaeh shous one 
evinr'le o' .'as invention, and ihe relation of an etcli rate. . . , , i 

|l),-,;in..-' The propem- view showing the relation between the oxvgen How rate at lite tnt e ot tne plasma s:hcon-.-Mde 
i;,nna;i.ai-- h;eh shows one example of this inv ention, and the relraetn e index ol the l.mr.c! Iil n. 
iniaun.n >■ I he cross section ot"a walenirooi'evaliiaiitr.i sair.pie 

IDniui,;:-' : 1 he propem- view of the lex el difference covermg nature of a plasma silicon oxide shoving one example ol this 

i'nn!!!irl: M Aplanaton drawmg of ihe process of laver insulation llhn Ibrmalion vvhich shovs one example olbh;> inv ention 
|nc>c; i;'iio-. Notations] 

ou 1 - lM:;<::'a silicon oxide | - A TVO silicon oxuie. 002 - Aliiminiint wiring. 9f\' 
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1 Ti;: - . .ic;-;' has been iranslalcd t^v 

2 ■■ ihc word which can noi be uun^' 
In;:.. it\:^ m.i-s. aiiv words are not iransiaici 
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